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PREFACE

In 1995, NASA GRC initiated efforts to meet the US industry’s rising need to develop jet noise technol-
ogy for separate flow nozzle exhaust systems. Such technology would be applicable to long-range aircraft
using medium to high by-pass ratio engines. With support from the Advanced Subsonic Technology Noise
Reduction program, these efforts resulted in the formulation of an experimental study, the Separate Flow
Nozzle Test (SENT). SFNT’s objectives were to develop a data base on various by-pass ratio nozzles,
screen quietest configurations and acquire pertinent data for predicting the plume behavior and ultimately
its corresponding jet noise. The SENT was a team effort between NASA GRC’s various divisions, NASA
Langley, General Electric, Pratt& Whitney, United Technologies Research Corporation, Allison Engine
Company, Boeing, ASE FluiDyne, MicroCraft, Eagle Aeronautics and Combustion Research and Flow
Technology Incorporated.

SENT found several exhaust systems providing over 2.5 EPNdB reduction at take-off with less than 0.5%
thrust loss at cruise with simulated flight speed of 0.8 Mach. Please see the following SENT related
reports: Saiyed, et al. INASA/TM—2000-209948), Saiyed, et al. (NASA/CP—2000-210524),

Low, et al. NASA/CR—2000-210040), Janardan et al. INASA/CR—2000-210039), Bobbiltt, et al.
(NASA/CR—201-210706) and Kenzakowski et al. (NASA/CR—2001-210611.).

I wish to thank the entire SENT team of nearly 50 scientists, engineers, technicians and programmers
involved in this project. SFN'T would have fallen well short of its goals without their untiring support,

dedication to developing the jet noise technology.

Naseem Saiyed
SENT Research Engineer
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Figure 7.

Vortex Generator Doublet Description

ijﬁhgzzj&ed Extemnal Vortex Generator Doublet
t , ¢ Edge '
%{i _
- Trailing Edge
€. :
Nozzie Cross Section Ncm!e Cross Section
Naozzie Tralling E;ige
!‘;"*\‘W\.\‘
L _J
-

Doublet Design and Instaliation information
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Description . #Doudblets {Hfin] [alin] {Liin] ] Wln] ]
,, (arc length)
internal placement on the BPR=S, o4 0.05 0.50 035 0.25 .
e extemal plug core nozzle
external placement on the BPR=5, 20 0.15 0.50 105 15
internal placement on the fan nozzle 96 0.06 0.60 0.42 030
cormmon to models 2.5 ’ 1 '
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Table 6.

AAPL Separats Flow Nozzie IR Camera Test Summary.

Configuration | Date | Mach No. | Cycie/Powar | Gorresponding | IR #
Satting Escort Rdg.
? ? ? ? ? 1
? ? ? ? ? 2
NE ? ? ? 7 3
3HMB(0) 4/8/97 0.28 2720 | 603 4
3HMB{0) 4/8/97 0.20 2721 605 5
3HMB(0} 4/8/197 0.0 221 806 - &
IHMC(48) | 4/8/97 0.28 2/7? ? 7
388 | 49/97 | 0.0 2/21 640 '8
agB | 4/9/97 0.28 2121 642 K
- 3BOmax(0) | 4/9/97 0.28 2/23 852 10
3BOmax{0} | 4/9/97 0.28 222 653 1
380max(0) | 4/9/97 | 028 2/21 654 12
3BOmax(0) | 4/9/97 0.28 2/20 655 13
3B80max(0) | 4/9/97 0.0 221 659 ‘14
3HMOmax{0) | 4/9/97 0.28 223 864 15
3HMOmax(0) | 4/9/97 0.28 2/21 665 18
3HmOmax(0) | 4/9/97 0.28 2120 868 17
3HmMOmax(0) | 4/9/97 0.0 2.21 870 18"
3HMOmax(0) | 4/9/97 0.0 2120 671 19 .
3BOmax{80} | 4/10/97 0.28 221 €89 20
3BOmax(90} | 4/10/97 0.0 221 692 21
3BOmax(180) | 4/10/97 0.28 2121 898 22
 380max(180) | 4/10/97 0.28 2/20 697 23
3BO0max{180) | 4/10/97 0.0 2/21 699 24
38724 4111797 0.28 2/20 727 25
3C128 4/11/97 0.28 - 2/20 741 25(
3C8B | 4/14/97 0.28 2/20 762 1
KT:) 4114197 0.28 2/20 771 2
3AR 4714197 | 028 2/20 778 3
3DiB 4/15/97 0.28 2/20 801 4
31C 4/15/97 | 0.28 2120 816 5
3Ct12C 4/15/97 0.28 2/20 824 )
aciaC 4/15/97 0.28 2/20 826 7
388 4/16/97 0.28 2/24 832 8
38B 1 4/16/97 0.28 2/23 834 9
388 4/18/97 cz28 | 2/22 835 10
aBgg 4/16/97 0.28 2721 836 11
3BB 4/16/97 | 028 | 2/20 837 12
3C8C 4/16/97 0.28 2/20 843 13
3AC 4/16/97 0.28 2122 849 14
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Tabie 6. AAPL Separate Flow Nozzie IR Camera Test Summary (Concluded).

Configuration | Date | Mach No. Cycle/Power Corresponding IR#
Setting Escort Rdg.
3AC 4116197 | 028 2/20 851 15
3AC 416/97 | 028 2721 853 16
3HmB(45) | 4/17/97 | 0.28 2720 875 17
3DxB 417197 0.28 "2/20 882 18
3IC 4118/97 | 0.28 2/20 892 19
388 4/18/97 | - 0.28 2/20 918 20
288 4/21/97 | 0.28 2/20 345 21
2BC 4/21/97 | 0.28 2720 958 21(7)
3AC 4/16/97 | 0.28 " 2/20 851 15
3AC 4/16/97 0.0 2721 853 16
? 7 ? ? ? 1
488 4721167 §  0.28 F7e) 975 2
5CB 4722197 | 028 | 4/41 1023 3
37248 2123197 | 0.28 2/20 1087 4
3B8 4/23/97 | 028 2/20 1073 5
AT4BC 4/23/97 | 0.8 2720 | 1080 3
3748748 | 4/23/97 | 0.28 2720 1085 7
7 7 ? 7 ? 1
6TmB 5M12/97 | 0.28 2/21 1251 2
BimB 5/12/97 | 0.28 2/20 1252 3
6TmC §/12/97 | 0.28 2721 1258 T4
BImeC 5/12/97.| 0.28 2720 1259 5
388 5/13/97 | 0.28 2721 1275 3
3FB 5/3/97 0.28 2/21 1283 7
3F8 5/13/97 7 Special 1286 8
3HmB 5/13/97 | 0.28 2/21 1280 9
3FC 5M13/97 | 0.28 2/21 1296 10
3724148 | 5/13/97 0.28 2129 1362 11
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